Atrial natriuretic factor in experimental acute chagas' disease
The atrial myocyte of the mammalian heart produces atrial natriuretic factor (ANF) (de Bold et al. 1981 ), a polypeptide hormone that participates in the regulation of extracellular fluid volume and blood pressure (de Bold 1985) . Changes in ANF synthesis and storage have been observed in a wide spectrum of myocardial pathologies (Morii et al. 1989; Tsunoda et al. 1986 ) and have been related to the development of congestive heart failure. The heart, particularly the atrial muscle, is the main target of Trypanosoma cruzi during the acute period of infection (Tafuri 1979) . We have previously shown a drastic decrease in the number of "specific atrial granules", the site of ANF storage, and in the natriuretic activity of atrial extracts in acute Chagas' disease in rats (Piazza et al. 1992) . In the present work, we characterized changes in cardiac and plasma immunoreactive ANF levels in acute Chagas' infection together with parasitological, serological, electrocardiographic and histopathological changes.
Wistar rats (28+3 days of age) were injected intraperitoneally with 6 x 105 trypomastigotes of the T. cruzi X-1 strain obtained from infected mice (Cano and Rubiolo 1985) . A control group was inoculated with the same volume of blood from healthy mice. The acute phase of Chagas' disease was studied until 40 days postinfection (p.i.). The parasitaemia course was followed using the direct method of Hoff (1974) in blood drawn by cardiac puncture twice a week p.i. The serological response was evaluated using three standard methods, indirect haemagglutination (Rubiolo and Vottero-Cima 1979) , indirect immunofluorescence (Camargo 1966) and counter-immunoelectrophoresis (Rubiolo etal. 1980) On days 0, 20 and 40 p.i., trunk blood was collected in chilled tubes containing 10mg ethylenediaminetetraacetic acid (EDTA). The plasma was immediately separated by centrifugation at 2000 g for 20 rain at 4 ~ C and kept at -70 ~ C until processed for immunoreactive ANF (irANF) radioimmunoassay (RIA) as previously described (Sarda et al. 1989 ). The coefficient of variation for inter-assay and intra-assay determinations was 17.5% and 9.6%, respectively. Whole atria were obtained immediately after decapitation, weighed, and immediately homogenized and extracted as previously described (Sarda et al. 1989) .
Electrocardiographic variables and heart rates were compared using the Mann-Whitney test for unpaired observations. These data are expressed as median values (m) with ranges (r). In all other instances, Student's t-tests for unpaired observations were used. Data are expressed as mean values __+_ SEM.
There was no significant difference in body weight between infected and control animals throughout the period studied. Less than 2% of the animals died due to the infection. Maximal parasitaemia occurred on day 16 p.i. (1.2 x 106 parasites/ml) and became undetectable by the direct method after day 30 p.i. A serological response was detected in infected animals (n = 9) beginning on day 20 p.i. with the three methods employed, remaining positive until the end of the experiment (40days p.i.). No difference was found between the groups in terms of the heart rate or the duration of QRS, PR and QT intervals throughout the period studied (data not shown). On day 14 p.i., there was a significant axis deviation to the left in the infected group (m = + 55 ~ r = -10 ~ to + 110 ~ n = 24) as compared with the controls ( m = + 9 0 ~ r = + 2 0 ~ to +140 ~ , n=26; P < 0.01). At 10 days after infection, the animals showed focalized and generalized cardiac inflammatory infiltrates of mononuclear cells together with the presence of amastigote nests. This reaction was most pronounced in atrial tissue on day 20 p.i, (Fig. 1) . On day 30p.i. the ~ inflammatory reaction was less evident, and on day 40 p.i., evidence of acute myocarditis was nearly absent. The changes in plasma and atrial irANF concentration found in control animals throughout the period studied were consistent with age-related changes observed in previous works (Wei etal. 1987) . Plasma irANF levels measured in rats with acute Chagas' myocarditis were significantly higher than those found in the control group on day 20 p.i. (520 _+ 72 vs 390 __ 34 pg/ml, P < 0.05). No significant difference in irANF plasma levels was observed between the groups on day 40 p.i. (251 _+ 57 vs 214_+ 60 pg/ml, P>0.05; Fig. 2 ). The atrial tissue irANF concentration in infected animals was significantly below control values on days 20 and 40 p.i., whether expressed per gram of wet tissue (Fig. 2) 
or per milligram of protein (data not shown).
We have previously demonstrated significant decreases in the atrial granularity as well as in the natriuretic activity of atrial tissue in an experimental acute T. cruzi infection (Piazza et al. 1992) . The data obtained in the present work confirm and extend those findings; that is, infected rats showed a significant decrease in atrial irANF stores together with a significant increase in plasma irANF levels. Electrocardiographic abnormalities were not as pronounced as those reported for humans during acute infection (Santamarina et al. 1967) . The QRS axis deviation to the left found in the ECG tracings of chagasic rats near day 20 of the infection is consistent with previous findings (Bestetti and Oliveira 1988) and might have been due to a haemodynamic overload of the left ventricle resulting from myocardial injury or to a transient conductive alteration such as left anterior hemiblock. The axis deviation was no longer observed by days 30 and 40 p.i., which coincided with the disappearance of histopathological evidence of acute myocarditis and a decrease in the amount of circulating parasites to undetectable levels. Despite this apparent recovery, atrial irANF stores remained diminished.
Seemingly unique to experimental Chagas' infection as found in the present work are the striking changes in ANF plasma levels, which appeared elevated during the most active infective phase but promptly returned to normal values at the end of the acute period. The combination of low atrial ANF stores and near-normal plasma ANF levels in infected animals at 40 days p.i. might be considered as a distinctive feature of acute T. cruzi infection. In other experimental myocarditis a decrease in atrial stores has been observed, but this decrease was accompanied by increased ANF plasma levels. Furthermore, changes in ANF in other myocarditis have been attributed to severe myocardial damage (Morii et al. 1989) or to volume expansion due to congestive heart failure (Tsunoda et al. 1986 ). However, such events are not a common outcome in the acute period of Chagas' myocarditis and were not observed in the present work. In Chagas' disease, the acute period is followed by an indeterminate asymptomatic phase that can last years, or even a lifetime, with no cardiovascular manifestations (Mady and D6court 1981) . This might partly explain why plasma ANF levels in infected rats returned to baseline levels on day 40 p.i. It should also be noted that cardiac sympathetic and parasympathetic function abnormalities occur during the acute period of the disease (Tafuri 1979) . This might contribute to the changes in ANF storage and release found in the present study (Schiebinger et al. 1987) .
The decrease in ANF stores observed in the present work is compatible either with an increase in demand in the absence of a concomitant increase in synthesis or with normal demand and a decrease in synthesis. In addition, changes in peptide clearance may contribute to or fully explain the observed lack of significant changes in ANF plasma levels of infected animals at 40 days p.i.
In summary, striking changes in ANF storage and release occur during experimental Chagas' infection that appear peculiar to the disease. Given the rote of this hormone in the maintenance of water and electrolyte balance, it would be of significance to determine whether the observed changes in ANF compromise the ability to maintain such balance under conditions of increased ANF demand such as volume or pressure overload.
